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E X P E R I M E N T A L  I N V E S T I G A T I O N  O F  D I S T R I B U T I O N  P A R A M E T E R S  
I N  S I N G L E - P H A S E  A N D  D O U B L E - P H A S E  S U B S O N I C  P L A S M A  FLOWS 

N.S. S u r o v  

ABSTRACT:  
of t h e  d i s t r i b u t i o n  of v e Z o c i t y  and temperature 
in singZe-phase and doubZe-phase ( t h e  degree t o  
which  i t  is doubte-phased is u p  t o  about 4 . 4 1  
pZasma s t reams.  I t  is shown t h a t  t h e  i n t r o d u c -  
t i o n  of a condensed phase i n t o  t h e  pZasma f l o w  
can s i g n i f i c a n t l y  .decrease t h e  temperature and 
v e Z o c i t y  of t h e  gas .  I t  is es tabZished  t h a t  an 
i n t e n s e  decrease in t h e  s tream paramaters t a k e s  
pZace downstream. I t  is aZso shown $hat  t h e  
parameter d i s t r i b u t i o n  in t h e  Zatera l  c ross  sec -  
t i o n s  of t h e  ma in ;par t  of t h e  s tream can be ad- 
e q u a t e l y  descr ibed  by t h e  corresponding SchZ ich -  
t i n g  curves .  VaZues a r e  found f o r  t h e  ReynoZds 
number de termining  t h e  chhngfi i n  t h e  f l o w  r e -  
gime i n  an argon pZasma f t o w % o n  t h e  cross  sec -  
t i o n  of a nozzZe.  

A n  experimentaz  Cnves t igR t ion  is made 

F r e e  s i n g l e - p h a s e  a i d  d o u b l e - p h a s e  p l a s m a  s t r e a m s ' h a v e  f o u n d  __1_ /304 
wide  a p p l i c a t i o n  i n  s c i e n c e  and  t e c h n o l o g y  ( t h e  v a p o r i z a t i o n  o f  r e -  
f r a c t o r y  m a t e r i a l s ,  t h e  p r o d u c t i o n  o f  p o w d e r s ,  t h e  s y n t h e s i s  o f  m a -  
t e r i a l s  i n  p l a sma  s t r e a m s , , e t c . ) .  I n  o r d e r  t o  c h o o s e  t h e  o p t i m a l  
r e g i m e s  f o r  u n d e r s t a n d i n g  t h e s e  p r o c e s s e s ,  w e  n e e d  t o  know t h e  d i s -  
t r i b u t i o n  o f ' t e m p e r a t u r e  and v e l o c i t y  b o t h  i n  d i f f e r e n t  c r o s s  s e c -  
t i o n s  and  a l o n g  t h e  a x i s  o f  t h e  p l a s m a  streams.. 

T h e r e  a r e  many e x p e r i m e n t a l  and  t h e o r e t i c a l  works ,  g e n e r a l i z e d  
i n  [l, 2 1 ,  which i n v e s t i g a t e  i s o t h e r m i c  p r  s l i g h t l y  h e a t e d  g a s  f l o w s .  
However, t h e  f l o w  m o t i o n  o f  a p l a s m a  h a s  b e e n  s t u d i e d  v e r y  l i t t l e  up 
t o  t h e  p r e s e n t  t i m e .  C e r t a i n  ' r e s u l t s  c o n c e r n i n g  s i n g l e - p h a s e  p l a s m a  
i n  a i r  or a n n u l a r  wakes o f  a n o t h e r  g a s  were  o b t a i n e d  i n  r e f e r e n c e s  
C3-61.  No one  h a s  y e t  o b t a i n e d  d a t a  on h e t e r o g e n e o u s  p l a sma  s t reams.  

I I n  p r a c t i c a l  work w i t h  h e t e r o g e n e o u s  p l a s m a  s t r e a m s  t h e  i n f l u -  
e n c e  o f  a 'condensed p h a s e  on t h e  hydrodynamic  p a r a m e t e r s  o f  t h e  
s t r e a m  i s  u s u a l l y  n o t  t a k e n  i n t o  a c c o u n t ,  which  n a t u r a l l y  i s  n o t  a l -  
ways v a l i d .  I n  r e l a t i o n  t o  t h i s  f a c t ,  i n  t h i s  a r t i c l e  w e  w i l l  s t u d y  
t h e ' p r o b l e m  o f  t h e  d i s t r i b u t i o n  o f  t e m p e r a t u r e  and v e l o c i t y  o f  t h e  
g a s  i n  s i n g l e - p h a s e  and d o u b l e - p h a s e  s t a t i o n a r y  s u b s o n i c  p l a s m a  
s t reams f l o w i n g  i n t o  t h e  a t m o s p h e r e ,  and  e s t a b l i s h  t h e  i n f l u e n c e  o f  
t h e  d e g r e e  t o  which i t  i s  d o u b l e - p h a s e  on t h e  v a l u e  and  d i s t r i b u t i o n  
o f  t h e s e  p a r a m e t e r s .  (We w i l l  d e f i n e  t h e  r a t i o  K..= Gb/Ga as  t h e  de-  
g r e e  t o  which  i t  i s  d o u b l e - p h a s e ;  G b  i s  t h e  m a s s  f l o w  o f  tlie 

_. ~~- ~~ ~ ____ _ _ _ -  

$$-Numbers i n  t h e  m a r g i n  i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  



condensed  p h a s e  a c r o s s  a l a t e r a l  c r o s s  s e c t i o n  o f  t h e  s t r e a m ;  G, i s  
t h e  mass f l o w  of g a s  a c r o s s  t h e  same c r o s s  s e c t i o n . )  

D e s c r i p t i o n  o f  t h e  A p p a r a t u s .  The e x p e r i m e n t s  were  made on a 
p u l s e  p l a s m a  s o u r c e  w i t h  a v o r t e x  s u p p l y  o f  t h e  w o r k i n g  medium and 
a n o z z l e  d i a m e t e r  e q u a l  t o  6010'~ m .  Powder w a s  i n j e c t e d  i n t o  t h e  
p l a s m a  f l o w  thro-ugh a n  a p e r t u r e  i n  t h e  w a l l  o f  t h e  n o z i l e .  A d i a -  
gram o f  t h e  a p p a r a t u s  f o r  c o n d u c t i n g  t h e  expep imen t  i s ' s h o w n  i n  
F i g u r e  1. T 

The d i r e c t  c u r r e n t  e i e c t r i c  a r c  h e a t e r  (1) w a s  p l a c e d  h o r i z o n -  
t a l l y  on t h e  frame (10) a l o n g  which t h e  h e a t e r  c o u l d  b e  s h i f t e d  i n  /30  
an  a x i a l  d i r e c t i o n .  Energy  w a s  s u p p l i e d  t o  t h e  s o u r c e  f rom a l i n e  
a c r o s s  a s e l e n i u m . r e c t i f i e r , ,  a b a t t e r y  o f  b a l l a s t  r h e o s t a t s  and  a 
c o n t r o l  p a n e l ,  on w h i c h , t h e  m e a s u r i n g  and  s t a r t i n g  equ ipmen t ,were  
l o c a t e d .  The w o r k i n g  medium ( a r g o n ,  symbol  " A " )  e n t e r e d  f rom t h e  
t a n k  a l s o  t h r o u g h  t h e  c o n t r o l  p a n e l .  With i n v , e s t i g a t i o n  o'f d o u b l e - .  
p h a s e  s t r e a m s ,  a powder ( t u n g s t e n  c a r b i d e )  w a s  i n t r o d u c e d  i n t o  t h e  
s t r e a m  u s i n g  a s p e c i a l  f e e d e r  (-2).  The f l o w  r a t e  o f  t h e  powder 
( 2 . 9 0 1 0 ' ~  k g e s e c ' l )  was h e l d  c o n s t a n t  i n  a l l  e x p e r i m e n t s  s i n c e  w e  
p l a c e d  t h e  d o s a g e  a p p a r a t u s  o f  tk f e e d e r  i n  t h e  same p l a c e .  The 
d i m e n s i o n  of t h e  powder p a r t i c l e s  v a s * k e p t  c o n s t a n t  by s i f t i n g  - 
t h r o u g h  a s p e c i a l  s c r e e n .  

_I 

The m i c r o t h e r m o c o u p l e  ( 3 )  a n d  

s e n s o r  ( 6 )  w e r e  s h i f t e d  a c r o s s  t h e  
' s t ream slowly ((4-8)*10-3 m / s e c )  
u s i n g  a n  e l e c t r i c  moto r  ( 7 ) .  The 
e l e c t r i c  s i g n a l s  f rom t h e  the rmo-  
c o u p l e  and t h e  manomet r i c  d e v i c e  
( 5 )  were  r e c o r d e d  on t h e  t a p e  o f  
a n  MPO-2 o s c i l l o g r a p h  (4). To r e -  
c o r d  t h e  s p e c t r a  of t h e  luminous  
p a r t  o f  t h e  s t ream w e  u s e d  a n  I S P -  
5 1  s p e c t r o g r a p h  (8) w i t h  a UF-85  
camera. The s t r eam w a s  f o c u s e d  on  
t h e  s l i t  o f  t h e  s p e c t r o g r a p h  u s i n g  
a l e n s  ( 9 ) .  The s p e c t r u m  o f  t h e  

#)V  t he .  w a t e r - c o o l e d  t o t a l  p r e s s u r e  

i i r o n  a r c  w a s  o b t a i n e d  u s i n g  a PS- 
F i g .  1. Diagram o f  t h e  E x p e r i -  39 g e n e r a t o r  and as  a s o u r c e  of  1 
m e n t a l  A p p a r a t u s .  s t a n d a r d  r a d i a t i o n  w e  u s e d  a SI-10 

t u n g s t e n  r i b b o n - f i l a m e n t  lamp.  

The e x p e r i m e n t s  were made i n  t h e  f o l l o w i n g  o r d e r .  With a g i -  
ven  f i x e d  power s u p p l i e d  t o  t h e  p l a s m a t r o n  (10 and 1 5  k w ) ,  t h e  f l o w  
r a t e  o f  t h e  w o r k i n g  medium was changed  by s t e p s  (0.66*10-3; 1.09- 
10:3;.1.66*10'3 k g / s e c ) ;  for e a c h  f l o w  r a t e  w e  i n v e s t i g a t e d  t h e  d i s -  
t r i b u t i o n  o f  t e m p e r a t u r e  and  v e l o c i t y  i n  t h e  c r o s s  s e c t i o n s  o f  t h e  
s t ream l o c a t e d  a t  d i s t a n c e s :  l 2 0 l O - ~ ;  15*10'3; 75010'~; 1 3 5  
* l o m 3  m from t h e  c ross  s e c t i o n  of  t h e  n o z z l e .  Measurement of  t h e  
d i s s t r i b u t i o n  of  t h e  p a r a m e t e r s  w a s  made u n d e r  t h e  same r e g i m e s  f o r  
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b o t h  homogeneous and  h e t e r o g e n e o u s  s t reams.  

t ' The Measurement P r o c e d u r e .  Measurement o f  T e m p e r a t u r e  i n  t h e  
"Luminous  P a r t  o f  t h e  S t r e a m .  The t e m p e r a t u r e  on t h e  a x i s  o f  t h e  

luminous  p a r t  o f  t h e  p l a s m a  s t ream (up  t o  - 15*10'3 m f rom t h e  cross 
s e c t i o n . o f  t h e  nozz1e )was  computed by m e a s u r i n g  t h e  a b s o l u t e  i n t e n -  
s i t y  o f  t h e  l i n e - s  e m i t t e d . b y  a r g o n  i n  t h e  w a v e l e n g t h  r a n g e  X = 4 0 0 0  
-4300 8. 

- 
On t h e  a s s u m p t i o n  tha . t  t h e  p l a sma  i n  t h e  s t ream u n d e r  a tmos -  

p h e r i c  p r e s s u r e  i s  i n  a s t a t e  o f  thermodynamic  e q u i l i b r i u m  C31, t h e  
i n t e n s i t y  o f  t h e  l i n e  r a d i a t i o n  o f  a n  o p t i c a l l y  t h i n  l a y e r  o f  g a s  
i s  computed by t h e  r e l a t i o n s h i p  g i v e n  i n  r e f e r e n c e  c3l and i n  t h e  
d i s s e r t a t i o n  of  V . N ,  K o l e s n i k o v  r 

m A, i s  t h e  p r o b a b i l i t y  o f  t r a n s ' i t i o n  f rom a n  e x c i t e d  s t a t e  w i t h  a 
quantum number m t o  a s t a t e  w i t h  a quantum number n ,  No i s  t h e  con-  
c e n t r a t i o n  of n e u t r a l  a r t i c l e s  p e r  u n i t  o f  vo lume,  gm i s  t h e  s t a t i c  
w e i g h t  o f  s t a t e  m ,  qg;? i s  t h e  s t a - t r i c ' sum by t h e  s t a t e s  o f  t h e  r g d i -  
a t i n g  a t o m s ,  Em i s  t h e  e x c i t a t i o n  e n e r g y  o f  l e v e l  m ,  T i s  t h e  a b s o -  
l u t e  t e m p e r a t u r e  o f  t h e  g a s ,  h i s  P l a n c k ' s  c o n s t a n t ,  't, i s  t h e  r a d i -  /30 
a t i o n  f r e q u e n c y ,  i s  t h e  1 e n g t h . o f  t h e  r a d i a t i n g  l a y e r ,  k i s  
B o l t z m a n n ' s  c o n s t a n t .  

_I 

r 
# 

We assume t h a t  e q u a t i o n - ( l )  i s  a l s o  v a l i d  f o r  d o u b l e - p h a s e  
p l a s m a  s t reams,  s i n c e  i n  < t h e  c o n d i t i o n s  o f  t h e  e x p e r i m e n t ,  t h e  v o l -  
ume p a r t  o f  t h e  c o n d e n s e d ' p h a s e  i n  t h e  s t ream r e m a i n e d  s m a l l  ( -  
2 . 1 0 - 5 ) .  - 

The a b s o l u t e  i n t e n s i t y  o f  t h e  a r g o n  l i n e s ,  c h o s e n  f o r  measu re -  
ment ( A  = 4158 8, X = 4259 8 ,  X = 4300 E ) ,  w a s  d e t e r m i n e d  by com- 
p a r i s o n  w i t h  t h e  s p e c t r a l  i n t e n s i t y  o f  a s t a n d a r d  r a d i a t o r .  To do 
t h i s ,  t o g e t h e r  w i t h  t h e  s p e c t r u m  o f  t h e  s t r eam,  w e  p h o t o g r a p h e d  t h e  
s p e c t r u m . o f  a SI-10 s t a n d a r d  lamp and  t h e n  t h e  i n t e n s i t y  o f  t h e  
l i n e s  w a s  measu red  i n  u n i t s  o f  t h e  i n t e n s i t y  o f  t h e  s t a n d a r d  r a d i a -  
t i o n ,  measu red  on  t h e  same w a v e l e n g t h s  ( c f .  131 and t h e  d i s s e r t a -  
t i o n  o f  V . N .  K o l e s n i k o v ) .  The v a l u e s  o f  t h e  monochromat ic  c o e f f i c i -  
e n t s  o f  b l a c k n e s s  o f  t u n g s t e n  n e c e s s a r y  f o r  t h e  c a l c u l a t i o n  were  t b -  
k e n  f rom E 7 1 .  
s t a n d a r d ,  i n t e r p r e t a t i o n  o f  t h e  p h o t o g r a p h i c  m a t e r i a l  and  measu re -  
ment o f  t h e  r a d i a t i o n  i n t e n s i t y  were .made  w i t h  s t r i c t  o b s e r v a n c e  o f  
t h e  r e s p e c t i v e  p r o c e d u r e s  u s i n g  t h e  u s u a l  equ ipmen t  C3, 8 ,  91. The 
p h y s i c a l  c o n s t a n t s  f o r  t h e s e  l i n e s  w e r e  bo r rowed  f r o m  r e f e r e n c e  C91 
and t h e  v a l u e  of  No was c a l c u l a t e d  b y , t h e  Sakh e q u a t i o n .  V a r i a t i o n s  

i n  t h e  v a l u e  o f  g 

The o b t a i n i n g  of t h e  s p e c t r a  o f  t h e  s t ream and t h e  

as a f u n c t i o n  o f  t e m p e r a t u r e  were n o t  t a k e n  (i 1 
0 

V . N .  K o l e s n i k o v :  D i s s e r t a t i o n ,  F i z .  f n s t i t .  Akad. Nauk SSSR, 1962* 
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i n t o  a c c o u n t .  On t h e  a s s u m p t i o n  o f  ax i symmet ry  o f  t h e  s t r e a m ,  t h e  
e f f e c t i v e  . o p t i c a l  t h i c k n e s s  o f  t h e  r a d i a t i n g  l a y e r  w a s  d e t e r m i n e d  
u s i n g  t h e  Abe l  t r a n s f o r m a t i o n  C3l .  E q u a t i o n  (1) was s o l v e d  w i t h  r e -  
s p e c t  t o  t e m p e r a t u r e  on a "Ut?al-3" compute r  by t h e  method o f  s u c -  
c e s s i v e  a p p r o x i m a t i o n s .  The t e m p e r a t u r e  on t h e  a x i s  o f  e a c h  c r o s s  
s e c t i o n  w a s  d e t e r m i n e d  as t h e  a r i t h m e t i c  mean of  t h e  r e s u l t s  o f  t h e  
c a l c u l a t i o n  a c c o r d i n g  t o  t w o ,  a n d ,  i n  c e r t a i n  ca ses ,  t h r e e  l i n e s .  

& 
We f o u n d  t h e  t e m p e r a t u r k  d i s t r i b u t i o n  by r a d i u s  f rom t h e - r e l a -  

t i o n s h i p  C3l 

where I o ,  N O ,  go ( T O )  , 2'0- are  r e s p e c t i v e l y  t h e  s p e c t r a l  i n t + e n s i t y  
o f  t h e  l i n e ,  t h e  number o f  a toms p e r  u n i t  vo lume,  t h e  s t a t i c  sum o f  
t h e  a toms by t h e  s t a z e s  and t h e  t e m p e r a t u r e  a t  t h e  a x i s  o f  t h e  
s t r eam,  and I, N ,  96%) ( I T ) ,  T a r e  t h e  same val'ues a t  a n  a r b i t r a r y  
p o i n t  o f  a g i v e n  c r o s s  s e c t i o n . .  

The r a t i o  I/Io w a s  d e t e r m i n e 9  f r o 9  t h e  s p e c t r o g r a m  and N and  
N o  were d e t e r m i n e d  a c c o r d i n g  t o  t h e , S a k h  e q u a t i o n .  E q u a t i o n  ( 2 ) -  
w a s  a l s o  s o l v e d  w i t h  r e s p e c t  t o  T on a "Ucal-3" compute r  by t h e  
method o f  s u c c e s s i v e  a p p r o x i m a t i o n s .  A s  e s t i m a t e s  show, t h e  e r r o r s  
i n  d e t e r m i n i n g  t e m p e r a t u r e  by t h i s  method do n o t  e x c e e d  - 4-5%.  

r 
# 

Measurement o f  t h e  Gas T e m p e r a t u r e  i n  t h e  Nonluminous P a r t  o f  
t h e  S t r e a m .  The t e m p e r a t u r e  d i s t r i b u t i o n  o f  t h e  g a s  f a r  f rom t h e  
c r o s s  s e c t i o n  o f  t h e  n o z z l e ,  where t h e  s t ream h a s  a r e l a t i v e l y  low 
t e m p e r a t u r e ,  w a s  i n v e s t i g b t e d  u s i n g  an  u n s h i e l d e d  c h r o m e l - a l u m e l  
microthermQmcQupl.e whose r e a d i n g s  d u r i n g  m o t i o n  across  t h e  stream 
were  r e c o r d e d  on t h e  t a p e  o f  a n  MPO-2 o s c i l l o g r a p h .  A c c o r d i n g  t o  
t h e  o b t a i n e d  o s c i l l o g r a m s  u s i n g  c a l i b r a t i o n  c u r v e s ,  w e  p l o t t e d  t h e  
a c t u a l  t e m p e r a t u r e  d i s t r i b u t i o n  by c r o s s  s e c t i o n  o f  t h e  s t ream. 
The t h e r m o c o u p l e s  were c a l i b r a t e d  a c c o r d i n g  t o  t h e  m e l t i n g  p o i n t s .  
o f  z i n c  and aluminum i n  a l o o p  a s s e m b l y  w i t h  which  t h e  t h e r m o c o u p l e s  
t h e n  o p e r a t e d .  

S i n c e  a n  u n s h i e l d e d  t h e r m o c o u p l e ,  immersed i n  a g a s  s t ream,  i n -  
d i c a t e s  o n l y  i t s  own i n t e r n a l  t e m p e r a t u r e  [lo], w e  t o o k  i n t o  a c c o u n t  
t h e  d e v i a t i o n s  i n  t h e  i n d i c a t i o n s  o f  t h e  t h e r m o c o u p l e ,  c a u s e d  by its 
t h e r m a l  i n e r t i a , ,  r a d i a t i o n ,  s t a g n a t i b n  o f  t h e  f l o w  and  t h e  h e a t  r e -  
moval f rom t h e  j u n c t i o n ,  s o  t h a t  when i n t e r p r e t i n g  t h e  e x p e r i m e n t a l  
d a t a  w e  m i g h t  o b t a i n  t h e  thermodynamic  t e m p e r a t u r e  of t h e  f l o w .  We / 3 0  
made t h e  c o r r e s p o n d i n g  c o r r e c t i o n s  i n  t h e  r e s u l t s  w h e r e v e r  it seemed 
n e c e  s s a r y  . 

- 
An a n a l y s i s  showed t h a ?  t h e  g r e a t e s t  e r r o r  i n  m e a s u r i n g  t h e  

t e m p e r a t u r e  i n  t h e  c e n t e r  o f  t h e  s t r e a m  ( r o u g h 1 y . w ~  t o  2 /3  r a d i u s )  
by t h e  g i v e n  method d i d  n o t  e x c e e d  - 4 % .  The r e l a t i v e  e r r o r s  i n  
measurement  a t  t h e  boundary  of  t h e  stream were s i g n i f i c a n t l y  g r e a t e r  
s i n c e  t h e  v a l u e  o f  t e m p e r a t u r e  i s  sma l l  n e a r  t h e  b o u n d a r y ,  
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Measurement o f  V e l o c i t y  D i s t r i b u t i o n  i n  a Plasma S t r e a m .  There 
a r e  a g r e a t  number o f  methods  f o r  m e a s u r i n g  t h e  v e l o c i t y  o f  a g a s  i n  

I a f l o w  [111. To d e t e r m i n e  t h e  v e l o c i t y  i n  t h e  s t r e a m  w e  u s e d  a 
" s p e c i a l l y  d e v e l o p e d ,  w a t e r - c o o l e d  t o t a l  p r e s s u r e  s e n s o r ,  whose s p o u t  

w a s  c o a t e d  w i t h  t u n g s t e n  and  which w a s  c o o l e d  i n d i r e c t l y  from a 
w a t e r - c o n d u c t i n g  s y s t e m .  The d i a m e t e r  o f  t h e  r e c e i v i n g  a p e r t u r e  o f  
the s e n s o p  was ( p 1 9 - L , Q ) * l Q - , 3  m .  
s t r eam,  t h e  r e a d i n g s  o f  t h e  manomet r i c  d e v i c e 4  which  r e g i s t e r e d  t h e  
e x c e s s  p r e s s u r e  i n  t h e  f l o w , ' w e r e  r e c o r d e d  on t h e  t a p e  o f  a n  ~ s c i l -  
l o g r a p h  or r e a d  v i s u a l l y ,  , 

As The s e n s o r  w w @  moved iarr)18  %hs 

F i g .  2 .  The T e m p e r a t u r e  ' 
D i s t , r i b u t i o n  by Rad ius  on 
t h e  Cross S e c t i o n  o f  t h e  
Nozz le  i n  S i n g l e - p h a s e  (1) 
and  Double-Phase  ( 2 )  
S t r e a m s :  W-= 1 5  kW, Ga = 
1.09*10'3 k g / s e c ,  x = 
m ,  G h  = 0 (11, Gb = 2 . 9 .  

k g / s e c  ( 2 ) .  

I n  c o n n e c t i o n  w i t h  t h e  f a c t  t h a t  
t h e  s t a t i s t i c a l  p r e s s u r e  i n  a f r e e ,  s u b -  , 
s o n i c  p l a sma  f l o w  ( w i t h  a n  a c c u r a c y  o f  
a b o u t  1% [ 6 ] )  i s  e q u a l  t o  t h e  p r e s s u r e  
i n . t h e  s u r r o u n d i n g  medium, w e  c a n  as -  
sume t h a t  i n  t h e  e r p e r i m e n t s  w e  measured .  
t h e  k i n e t i c  e n e r g y  a c r o s s  t h e  s t ream.  
I n  t h i s  case f rom t h e  B e r n o u l l i  l a w  and  
t h e  e q u a t i o n  o f  s t a t e  o f  t h e  g a s  w e  ob-  
t a i n e d  t h e  r f o l l o w i n g  r e l a t i o n s h i p  f o r  
de t e rmih ' i ng  t h e  v e l o c i t y  (or p r e s s u r g  
i n  t h e  s u r r o u n d i n g  medium - 9 , 8 0 1 0 ~  
nm2) C111: 5 .  

Here w i s  t h e  v e l o c i t y  o f  t h e  g a s  a t  a n  
a r b i t r a r y  p o i n t ,  p i s  t h e  k i n e t i c  e n e r -  
g y ,  T i s  t h e  t e m p e r a t u r e  o f  t h e  g a s ,  p 
i s  t h e  m o l e c u l a r  w e i g h t  o f  t h e  g a s ,  E 

i s  a c o r r e c t i o n  f o r  t h e  c o m p r e s s a b i l i t y  
o f  t h e  g a s .  

P o s i t i n g  t h a t  w i t h  m i x i n g  o f  t h e  a r g o n  p l a s m a  s t ream w i t h  a i r ,  
t h e  argoQ c o n c e n t r a t i o n  d i s t r i b u t i o n  i n  it h a s  t h e  same c h a r a c t e r  
as t h e  t e m p e r a t u r e  d i s t r i b u t i o n  d u e  t o  t h e  i d e n t i t y  o f  t h e  t r a n s f e r  
mechanisms [l, 4 ,  6 1  and  b e a r i n g  i n  mind t h e  p r e l i m i n a r y  expe r imen-  
t a l  d a t a  on t e m p e r a t u r e  d i s t r i b w t i o n  i n  d o u b l e - p h a s e  and  s i n g l e -  
p h a s e  s t reams f a r  f rom t h e  c r o s s  s e c t i o n  o f  t h e  n o z z l e ,  w e  c a n  cal-' 
c u l a t e  t h e  m o l e c u l a r  w e i g h t  o f  t h e  g a s  a t  a n  a r b i t r a r y  p o i n t  i n  t h e  
f l o w .  I n  t h i s  case e q u a t i o n  ( 3 )  t a k e s  t h e  fo rm 

where Tm i s  t h e  t e m p e r a t u r e  o f  t h e  g a s  on t h e  a x i s  o f  a n  a r b i t r a r y  
c r o s s  s e c t i o n ,  Tom i s  t h e  t e m p e r a t u r e  o f  t h e  g a s  on t h e  a x i s  o f  t h e  
i n i t i a l  c r o s s  s e c t i o n ,  p a  i s  t h e  m o l e c u l a r  w e i g h t  o f  a r g o n ,  y i s  
t h e  d i s t a n c e  o f  t h e  g i v e n  p o i n t  f rom t h e  a x i s  o f  t h e  stream, P i s  
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t h e  t h e r m a l  r a d i u s  o f  t h e  s t r eam,  p a i r  i s  t h e  m o l e c u l a r  w e i g h t  of  
t h e  a i r .  .We d i d  n o t  i n t r o d u c e  a c o r r e c t i o n  f o r  c o m p r e s s i b i l i t y  o f  
t h e  g a s  i n t o  ( 4 1 ,  however ,  i t  w a s  i n t r o d u c e d  i n t o  t h e  r e s u l t s  o f  
c a l c u l a t i o n s  a c c o r d i n g  t o  ( 4 )  i n  a l l  cases when t h e  Mach number o f  
t h e  f l o w  i n  t h e  examined p o i n t  s a t i s f i e d  t h e  i n e q u a l i t y  M R 0 . 5 .  /3r 
The c o r r e c t i o n  f o r  c o m p r e s s i b i l i t y  o f  t h e  as w a s  d e t e r m i n e d  ac- w 

c o r d i n g  t o  t h e  r e l a t i o n s h i p , [ l l ]  E = 1/4 M 5 . 
L 

When s o l v i n g  ( 4 )  t h e  m g l e c u l a r  w e i g h t s  o f  a r g o n  and  a i r  w e r e  
t a k e n  on t h e  b a s i s  o f  t a b l e s  d a t a  and t h e  r e m a i n i n g  v a l u e s  were  
t a k e n  f rom t h e  e x p e r i m e n t .  On t h e  c r o s s  s e c t i o n  o f  t h e  n o z z l e  r e -  
l a t i o n s h i p  ( 4 )  i s  v a l i d  i f  w e  p o s i t  t h a t  p a i r  = 03 , y = 0 ,  s i n c e  
t h e  c o n c e n t r a t i o n  o f  a i r  i n  t h i s  c r o s s  s e c t i o n  i s  e q u a l  t o  z e r o .  
I n  t h e  p r o c e s s  o f  i n t e r p r e t a t i o n  o f  t h e  e x p e r i m e n t s ,  e q u a t i o n  ( 4 )  
w a s  s o l v e d  on a "Ura l -3"  c o m p u t e r .  As es t ima tes  show, t h e  e m o r s  
i n  d e t e r m i n i n g  t h e  v e l o c i t y  a t  t h e  c e n t e r  o f  t h e  s t ream ( u p  ' t o  a- 
b o u t  2 / 3  r a d i u s )  by t h i s  method d i d  n o t  e x c e e a  - 6 % .  

F i g .  3 .  D i s t r i b u t i o n  o f  t h e  R e l a t i v e  E x c e s s  T e m p e r a t u r e  (1) and  t h e  
R e l a t i v e . V e l o c i t y  ( 2 )  by R a d i u s  o f  t h e  S t r e a m :  1: W = 1 5  kW, G a  = 
1.69*10'3 k g / s e c - l ,  x = 7 5 * 1 0 - 3  m ,  Gb = 0 ( 3 1 ,  Gb = 2,9.10'3 kg / sec ' l  
( 7 ) ;  W = 10, G, = 1.69*10-3, x = 7 5 0 1 O - ~ ,  Gb = 0 
(6); w = 10, G a  = 0.66.10-3, x ; :675*10-3,  G b  = 0 
( 5 ) .  

( 4 ) ,  Gb = 2.9*10-3, 
( 8 ) ,  G b  = 2.9*10-3, 

2 :  w = 10, G, = 1.69*10-3, x = 12*10-3, Gb = 0 ( 6 1 ,  Gb = 2.9 
( 4 ) ;  W = 1 5 ,  G a  = 1 . 6 9 0 1 0 - ~  x = 1 5 0 1 0 - ~  Gb = 0 ( 7 1 ,  Gb = 2.9 ' 

(10); W = 1 5 ,  G a  = 1.09*10-3, x = 1 5 * 1 0 - ' ,  Gb 5 0 ( 8 ) ;  W = 1 0 ,  
G, = 0 . 6 6 0 1 0 - ~ ,  x = 75410-3 ,  Gb = 0 (91, Gb = 2.9.10- , (11) 

The R e s u l t s  o f  t h e  E x p e r i m e n t s  and D i s c u s s i o n .  The D i s t r i b u -  
t i o n  o f  t h e  Pa rame te r s  i n  t h e  L a t e r a l  Cross S e c t i o n s  o f  t h e  S t r e a m .  
F i g u r e  2 shows t h e  t e m p e r a t u r e  d i s t r i b u t i o n  of t h e  p l a sma  by r a d i u s  
on t h e  c r o s s  s e c t i o n  o f  t h e  n o z z l e  i n  d o u b l e - p h a s e d  and  s i n g l e -  
p h a s e d  s t reams f o r  one  o f  t h e  examined r e g i m e s .  I t  i s  cle*ar from 
t h e  g r a p h  t h a t  t h e  i n t r o d u c t i o n  of powder i n t o  t h e  f l o w  l e a d s  t o  a 
s u b s t a n t i a l  d e c r e a s e  i n  t e m p e r a t u r e  and t o  a more e v e n  t e m p e r a t u r e  
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d i s t r i b u t i o n  t h r o u g h o u t  t h e  c r o s s  s e c t i o n ,  

A t y p i c a l  d i s t r i b u t i o n  o f  t h e  r e l a t i v e  e x c e s s  t e m p e r a t u r e  and  
a l s o  r e l a t i v e  v e l o c i t y  by r a d i u s  o f  s i n g l e - p h a s e d  and d o u b l e - p h a s e d  
s t reams b a s e d  on s e c t i o n  i s  i l l u s t r a t e d  i n  F i g .  3 .  Along t h e  ab-  
s c i s s a  w e  p l o t t e d  t h e  r a t i o  o f , t h e  f l o w  r a d i u s  t o  t h a t  r a d i u s  r 0 . 5  
where  t h e  excess .  t e m p e r a t u r e  AT,,,, or v e l o c i t y  w,,, a rd  e q u a l  t o  
one h a l f  t h e i r  v a l u e  on t h e  a x i s  o f  t h e  c h o s m  l a t e r a l  c r o s s  sec-  
t i o n  o f  t h e  s t ream ( t h e  i n d e x  GC r e f e r s  t o  t h e  p a r a m e t e r s  o f  a -  
d o u b l e - p h a s e  s t r eam,  m refers t o  t h e  p a r a m e t e r s  o f  a s i n g l e - p h a s e d  
s t r e a m ) .  The e x p e r i m e n t a l  c u r v e s  1, 2 o f  e x c e s s  t e m p e r a t u r e  and  
v e l o c i t y  d i s t r i b u t i o n s  c o i n c i d e  q u i t e  s a t i s f a c t o r i l y  w i t h  t h e  c o r -  
r e s p o n d i n g  S c h l i c h t i n g  c u r v e s  3 ,  4 ,  e v e n  i n  t h e  case o f  a s l i g h t l y  
h e a t e d  s t ream C11. 

The d a t a  o f  F i g u r e  3 show t h a t  i n  t h e  examined v a r i a t i o n  r a n g e  
o f  t h e  p a r a m e t e r s  t h e  p r e s e n c e  o f  a c o n d e n s e d  ,phase i n  t h e  p l a s m a  
s t r e a m  h a s  no i n f l u e n c e  a t  a l l  on t h e  t e m p e r a t u r e  and  v e l o c i t y  d i s -  
t r i b u t i o n s  i n  t h e  c r o s s  s e c t i o n  o f  t h e  s t r eam.  I t  i s  c l e a r  t h a t ,  
i n  c o n j u n c t i o n  w i t h  t h i s  f a c t ,  t h e  volume p a r t  o f  t h e  c o n d e n s e d  
p h a s e  i n  t h e  s t ream a lways  r e m a i n s  s m a l l  ( n o  more t h a n  a b o u t  2*10 '5) .  

41.1 8 

The r e s u l t s  o f  measu remen t s  o f  t h e  t e m p e r a t u r e  and v e l o c i t y .  /3C - 
d i s t r i b u t i o n s  i n  t h e  l a t e r a l  c r o s s  s e c t i o n s  o f  t h e  s t ream a l l o w s  u s  
t o  e s t a b l i s h  t h a t  t h e  o u $ e r  t h e r m a l  and dynamic b o u n d a r i e s  o f  t h e  
p l a s m a  s t ream i n  a i r  a r e  r o u g h l y  r e c t o l i n e a r ,  do n o t  c o i n c i d e  ( t h e  
t h e r m a l  boundary  i s  s i g n i f i c a n t l y  f a r t h e r  f rom t h e  a x i s  o f  t h e  
s t r e a m )  and  form w i t h  t h e  a x i s  o f  t h e  stream a s u b s t a n t i a l l y  l a r g e r  
(by  a b o u t  2 t i m e s )  a n g l e  .;than t h e  c o r r e s p o n d i n g  b o u n d a r i e s  i n  a 
s l i g h t l y  h e a t e d  s t r e a m .  We d i d  n o t  d e t e c t  a n y  i n f l u e n c e  o f  t h e  con-  
d e n s e d  p h a s e ' o n  t h e  p o s i t i o n  o f  t h e  b o u n d a r i e s  o f  t h e  s t ream i n  t h e  
a r e a  o f  t h e - e x a m i n e d  r e g i m e s .  

F i g u r e  4 shows t h e  r e l a t i v e  v e l o c i t y  p r o f i l e s  o f  s i n g l e - p h a s e .  
and d o u b l e - p h a s e  streams on  t h e  c r o s s  s e c t i o n  o f  t h e  n o z z l e .  Those 
p a r t s  o f  t h e  e x p e r i m e n t a l  c u r v e s  2-5  shown by d a s h e s  were p l o t t e d  
u s i n g  a n . i n t e r p o l a t e d  t e m p e r a t u r e .  

The r e g i m e  o f  m o t i o n  i n  t h e  examined  c r o s s  s e c t i o n  w a s  d e t e r -  
mined by c o m p a r i s o n  o f  t h e  e x p e p i m e n t a l  v e l o c i t y  d i s t r i b u t i o n  p r o -  

# f i l e  w i t h . t h e  c o r r e s p o n d i n g  t h e o r e t i c a l  p r o f i l e s  w i t h  l a m i n a r  
( c u r v e  6 )  or d e v e l o p e d  t u r b u l e n t  ( c u r v e  1) f l o w s  i n  a c i r c u l a r  t u b e .  
The p rob lem o f  t h e  c o n d i t i o n s  f o r  t r a n s i t i o n  i n  t h i s  c r o s s  s e c t i o n  
o f  a l a m i n a r  f l o w  t o  a t u r b u l e n t  one  (or v i c e - v e r s a )  was s o l v e d  u s -  
i n g  t h e  c u r v e  shown i n  F i g u r e  5 .  

We p l o t t e d  a l o n g  t h e  a b s c i s s a  h e r e  t h e  Reyno lds  number o f  t h e  
f l o w  on  t h e  c r o s s  s e c t i o n  o f  t h e  n o z z l e ,  and  a l o n g  t h e  o r d i n a t e  w e  
p l o t t e d  t h e  r a t i o  o f  t h e  v e l o c i t y  u2 w i t h  l a m i n a r ' m o t i o n  a t  t h e  
p o i n t  a t  a d i s t a n c e  o f  2*10'3 m f rom t h e  a x i s  o f  t h e  stream t o  t h e  
measu red  v e l o c i t y . w 2  a t  t h e  same p o i n t .  F o r  o u r  c a l c u l a t i o n  o f  t h e  
Reyno lds  ~ number o f  t h e  f.low w e  bo r rowed  t h e  r e l a t i o n s h i p  be tween  
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- I  

F i g .  4 .  D i s t r i b u t  
D i m e n s i o n l e s s  V e l o c i  
R e l a t i v e  R a d i u s  on t 
o f  t h e  N o z z l e  ( 5  = 

l o w ;  2 :  2 
Ga = 1 . 6 9 ' 1 0 - 3  k / 
2 . 9 * 1 0 m 3  $ g / s e c - H )  
io, G, = i . 6 9 . 1 0 - 3  

2 ( 3 )  (W = lo, Ga = 1, . 
6 9 * 1 0 - 3 ,  Gb = 0); 3.  3 ( l )  (W ~ 

= 10, G, = 1 . 0 9 * 1 0 - 3  Gb = 2, , 

9 * 1 0 ' 3 ) ;  4. 

5:  5 ( l )  (W = 1 5 ,  Ga = O.f j6.  

4(l) (W' = 1 5 ,  Ga 
= : i . 0 9 . 1 0 - 3 ,  ~b = 2 . 9 . 1 0 - 3 ) ;  

Gb = 2 . 9 * 1 0 ' 3 )  5 ( 2 )  (W ' 

= 15, Ga = lr09*10-3, Gb = 0) 

Gb = 0 )  5 ( 4 )  (Fa = 1 5  G, = 1. 
6 9 * 1 0 - 3 ,  Gb = 0) 5 ( 5 j  (W = 10, 
G, 7 0 .66*10 '3 ,  Gb = 2 . 9 * 1 0 " 3 )  

5(3) (W = f o ,  ,G =. 1 . 0 9 . 1 0 - 3 ,  , 

* - -> faow 

t h e  dynamic  v i s c o s i t y  and  t h e  t e m -  
p e r a t u r e  f rom r e f e r e n c e  C121.  I n  
t h e  p r o c e s s  o f  c o n s t r u c t i n g  t h e  
g r a p h  f o r  c o m p a r i s o n  w e  d e t e r m i n e d  
t h e  Reyno lds  number by two meth-  
o d s :  by  a x i a l  ( t h e  t r i a n g l e s )  and  
mean-mass ( t h e  d o t s )  p a r a m e t e r s .  

A n a l y s i s  o f  t h i s  f u n c t i o n  shows t h e  f o l l o w i n g .  F i r s t ,  w i t h  R e  
S, 6 3 0 ,  t h e  p l a s m a  f l o w  on t h e  c r o s s  s e c t i o n  o f  t h e  n o z z l e  i s  l a -  

m i n a r ,  and  w i t h  R e  S, 850 i t  i s  t u r b u l e n t .  I n  t h e  i n t e r v a l  630 <, 
R e  5 850 t h e r e  i s  a t r a n s i t i o n a l  r e g i m e  o f  f l o w .  S e c o n d l y ,  t h e  
i n d i c a t e d  b o u n d a r i e s  o f  t h e  e x i s t e n c e  o f  t h e  d i f f e r e n t  r e g i m e s  o f  
m o t i o n  a r e  f o u n d  t o  be  t h e  s a m e r e g a r d l e s s  o f  t h e  method o f  d e t e r -  , 
m i n i n g  t h e .  Reyno lds  number ( b y  a x i a l  -or mean-mass p a r a m e t e r s . o f  t h e  ,G& 
p l a s m a  f l o w ) .  

I t  i s  i n t e r e s t i h g  t o  n o t e  t h a t  i f  i n  c a l c u l a t i n g  t h e  Reyno lds  
number w e  t a k e  a d v a n t a g e  o f  t h e  v i s c o s i t y  o f  t h e  g a s  w i t h  t e m p e r a -  

re o f  t h e  w a l l  o f  t h e  n z z l e ,  t h e n  t h e  a b o v e  d i c a t e d  R e y n o l d s  
mbers  become n e a r  t o  t h  a n a l o g o u s  v a l u e s ,  ch  a c t e r i z i n g  t h e  r e -  

l o w s  f rom t h e  e x p e r i m e n t a l  d a t a ' ,  t h e  a d m i x t u r e  of  
m a  f l o w  h a s  a s u b s t a n t i a l  i n f l u e n c e  on t h e  n a t u r e  
n l e a d  t o  a change  i n  t h e  r e g i m e  of m o t i o n .  

g imes  o f  m o t i o n  o f  a c o o l  g a s ,  R e f e r e n c e  C131 s o  p o i n t e d  o u t  
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F i g .  5 .  The Change i n  t h e  Regime 
o f  Flow on t h e  C r o s s  S e c t i o n  o f  
t h e  Nozz le  as  a F u n c t i o n  o f  t h e  
Reyno lds  Number. 

I n  c o n c l u d i n g  t h i s  s e c t i o n  
w e  s h o u l d  s a y  t h a t  a check  o f  t h e  
v a l i d i t y  o f  t h e  p a r a m e t e r  d i s t r i -  
b u t i o n s  p r e s e n t e d  h e r e ,  made ac- 
c o r d i n g  t o  t h e  e n e r g y  and mass 
b a l a n c e  of momentum i n  t h e  s t ream,  
showed t h a t  t h e s e  b a l a n c e s  were 
Q a l i d  w i t h h  t h e  l i m i t s  o f  a c c u - .  
r a c y  o f  t h e  e x p e r i m e n t s  and, t h e  
c o r r e s p o n d i n g  c a l c u l a t i o n s .  

Change i n  t h e  Parameters a-  
l o n g  t h e  Ax i s  o f  t h e  S t r e a m .  The 
e x c e s s  t e m p e r a t u r e  d i s t r i b u t i o n  
a l o n g  t h e  a x i s  o f  s i n g l e - - p h a s e d  

and  d o u b l e - p h a s e d  streams i s  shown i n  r e l a t i v e  c o o r d i n a t e s  i n  F i g u r e  
6 ;  a n  a n a l o g o u s  g r a p h  f o r  t h e  r e l a t i v e  v e l o c i t y , i s  shown i n  F i g u r e  7.. - 
The d o t s  d e n o t e  t h e  g r e a t e s t  v a r i a n c e  o f  t h e  d a t a  i n  a h e t e r o g e n e o u s  L ' 

st ream and t h e  c i r c l e s  d e n o t e  t h k  g r e a t e s t  v a r i a n E e  i n  a homogeneous 
s t r e a m  (x i s  t h e  d i s t a n c e  f rom t h e  c r o s s  s e c t i o n  o f  t h e  n o z z l e ;  d i s  
t h e  d i a m e t e r  o f  t h e  n o z z l e ) ,  

I n  p l o t t i n g  t h e  d i s t r i b u t i o n  o f  a x i a l  t e m p e r a t u r e  i n  t h e  sec- 
t i o n  15*10-3 m < x < 7 5 0 1 0 - ~  m y  w e  u s e d  a d d i t i o n a l  p o i n t s ,  d e t e r m i n e d  
f rom t h e  m e l t i n g  p o i n t  o f  a t h i n  ( d p  = 0 . 5 0 1 0 - ~  m) t u n g s t e n  w i r e  
which  was i n t r o d u c e d  i n t o ' t h e  stream..  The w i r e  w a s  p l a c e d  a l o n g  t h e  

F i g .  6 .  The Change i n  t h e  D i m e n s i o n l e s s  E x c e s s  A x i a l  T e m p e r a t u r e  04 
t h e  Gas Along t h e  Stream. 

c e n t e r  o f  t h e  n o z z l e ,  i n t r o d u c e d  i n t o  t h e  s t ream and s h i f t e d  a l o n g  
i t s - a x i s  t o w a r d  t h e  n o z z l e .  We p o s i t e d  t h a t  a t  t h e  p o i n t  a t  which  
t h e  w i r e  began  t o  m e l t ,  i t s  t e m p e r a t u r e  would b e  e q u a l  t o  3340 2 1 5 O  
C c141. The thermodynamic  t e m p e r a t u r e  o f  t h e  g a s  a t  t h i s  p o i n t  w a s  
d e t e r m i n e d  w i t h  a c o r r e c t i o n  for r a d i a t i o n  o f  t h e  w i r e ,  h e a t  d i s s i -  
p a t i o n  a l o n g  t h e  w i r e  and s t a g n a t i o n  o f  t h e  f l o w .  .. As o u r  e s t ima tes  
showed,  t h e  e r r o r s  i n  measurement  by t h e  i n d i c a t e d  method do n o t ,  ap- 
p a r e n t l y  , e x c e e d  a b o u t  1 6 % .  
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We c a n  draw t h e  f o l l o w i n g  c o n c l u s i o n s  f rom a n  e x a  
t h e  g r a p h s ;  The d e c r e a s e  i n  t h e  a x i a l  p a r a m e t e r s  b o t h  i n  

7,ous and i n  h e t e r o g e n e o u s  s t reams,  w i t h i n  t h e  a c c u r a c y  o f  t h e  
+ m e n t a l  e r r o r s ,  c a n  b e  r e p r e s e n t e d  as one  c u r v e .  T h e r e  
s e c t i o n  i n  t h e  s t ream ( l e n g t h  X NN d )  where  t h e  t e m p e r  
l o c i t y  d r o p s  a r e  s m a l l .  With s u b s e q u e n t  i n c r e a s e  i n  t 
f rom t h e  c r o s s '  s e c t i o n  o f  t h e  n o z z l e  up t o  x w 7 d ,  t h e r p a r a m e t e r s  
o f  t h e  s t ream d e c r e a s e  v e r y  i n t e n s i v e l y  (muchrmore r a p i d l y  t h a n  i n  
t h e  case o f  s l i g h t l y  h e a t e d  streams [l, 2 1 ) ;  t e m p e r a t u r e  d e c r e a s e s  . 
much more t h a n  v e l o c i t y ,  The p h y s i c a l  mechanism o f  s o  s i g n i f i c a n t  
a change  i n  t h e  p a r a m e t e r s  o f  a r g o n  p l a s m a  s t reams moving i n  a i r ,  i s  
n o t  y e t  c l e a r .  However,  a p p a r e n t l y ,  w e  c a n  assume t h a t  i n  a d d i t i o n  

. t o  p o s s i b l e  e x i s t e n c e  i n  t h e  s t ream o f  l a r g e - s c a l e  t u r b u l e n t  p u l s a -  
t i o n s  [ 4 ] ,  l e a d i n g  t o  r a p i d  . e r o s i o n  o f  t h e  s t ream, t h e  s u b s t a n t i a l  
t e m p e r a t u r e  d r o p  i s  c a u s e d  by e n e r g y  lo s , ' s e s  o f  t h e  stream t o  d i s s o -  
c i a t i o n  o f  t h e  a i r  which  i s  drawn i n t o  t h e  s t ream. 

1. # 

I 

F i g .  7 .  T h e . R e l a t i v e  V e l o c i t y  as a F u n c t i o n  o f  t h e  R e l a t i v e  Diameter 
Along t h e  Ax i s  o f  t h e  S t r e a m ,  

The f a c t  t h a t  t h e  n a t u r e  o f  t h e  
change  i n  t h e  a x i a l  par ' ameters  a l o n g  
t h e  a x i s  o f  t h e  stream i s  i n d e p e n -  
d e n t  o f  t h e  p r e s e n c e  o f  a c o n d e n s e d  
p h a s e  i n d i c a t e s  t h a t  t h e  mechanisms 
o f  h e a t  t r a n s . f e r  and momentum i n  

s t reams r e m a i n  t h e  same ( i n  t h e  exrp 
amined v a r i a t i o n  r a n g e  o f  t h e  param- . 
e t e r s ) .  The a d m i x t u r e  of powder t o  
t h e  p l a s m a  s t ream c a n  l e a d  o n l y  t o  

l u t e  v a l u e s  of t e m p e r a t u r e  and  v e l o -  
c i t y  o f  t h e  g a s .  

- homogeneous and  h e t e r o g e n e o u s  

I a s i g n i f i c a n t  d e c r e a s e  i n  t h e  a b s o -  

F i g .  8. The I n f l u e n c e  o f  t h e  
r ee  t o  which  t h e  S t r e a m  i s  F i g u r e  8 i l J u s t r a t e s  t h e  r e l a -  

n t h e  A x i a l  . t i v e  a x i a l  s u r p l u s  t e m p e r a t u r e  
S t r e a m  on (Curve  1, W = LO; 1 5  kW) and  e n t h a l -  
of t h e  N o z z l e .  py (Curve  2 ,  W = 1 0 ;  1 5  kW) and  a l s o  

... 
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t h e  r e l a t i v e  v e l o c i t y  (Curves  3 ,  4 ,  W = 1 0 ;  1 5  kW) on t h e  c r o s s  sec-  
t i o n  o f  t h e  n o z z l e  as  f u n c t i o n s  o f  t h e  i n i t i a l  d e g r e e  t o  which it i s  

t ,double-phase.  
' excess  t e m p e r a t u r e  ( e n t h a l p y )  or t h e  a x i a l  v e l o c i t y  o f  a 
s t ream t o  t h e  a n a l o g o u s  p a r a m e t e r s  o f  a s i n g l e - p h a s e  s t r e  
same o p e r a t i n g  r e g i m e .  

Along t h e  o r d i n a t e  w e  p l o t t e d  t h e  r a t i o  o f  t h e  a x i a l  

These  c u r v i s  show t h a t  t e m p e r a t u r e ,  e n t h a l p y  and  v e l o c i t y  o f  
t h e  s t ream d e c r e a s e  s u b s t a n t i ' a l l y  a s  t h e  d e g r e e  t o  which  t h e  sS ream 
i s  d o u b l e - p h a s e  i n c r e a s e s , ,  I n  t h e  examined v a r i a t i o n  r a n g e  o f  t h e  
work ing  c o n d i t i o n s  o f  t h e  p l a s m a t r o n  t h e  g r e a t e s t  t e m p e r a t u r e  d r o p  
i s  a b o u t  12%, and  t h e  g r e a t e s t  e n t h a l p y  d r o p  i s  a b o u t  45%.  I t  a l s o  
f o l l o w s  f rom t h e  g r a p h  t h a t ,  f i . r s t l y , .  t h e  v e l o c i t y  ,of t h e  g a s  i n  t h e  
s t ream d e c r e a s e s  s u b s t a n t i a l l y  ( u p  t o  a b o u t  3 0 % )  as  t h e  d e g r e e  t o  
which it i s  d o u b l e - p h a s e  i n c r e a s e s  ( i n  t h e  examined v a r i a t i o n . , r a n g e  
of  t h e  p a r a m e t e r s ) ,  a n d ,  s e c o n d l y ,  t h e  d r o p  i n  v e l o c i t y  t a k e s  p l a c e  
as  i n t e n s i v e l y  as t h e  power s u p p l i e d  t o  t h e  heq, ter  ( c u r v e s  3 and 4 ) .  
The l a t t e r  c l e a r l y  i s  r e l a t e d  t o  t h e  f a c t  t h a t  w i t h  an  i n c r e a s e  i n  
t h e  s u p p l i e d  power t h e  v e l o c i t y  '0.f t h e  f l o w  i n c r e b s e s  ( w i t h  a s i m u l -  
t a n e o u s  d e c r e a s e  i n  t h e  i n t e n s i t y  o f  t h e  gas), a n d ,  c o n s e q u e n t l y ,  a 
l a r g e  p o r t i o n  o f  t h e  k i n e t i c  
t h e  condensed  p h a s e .  

e n e r g y  of  t h e  s t ream i s  t r a n s f e r r e d  t o ,  . -  -: . 
> 

F i g .  9 .  The Change i n  t h e  A x i a l  Velo-  
c i t y  and  E x c e s s  T e m p e r a t u r e  on t h e  
C r o s s  S e c t i o n  o f  t h e  Nozvle  a s  a Func- 
t i o n  o f  t h e  Gas Flow R a t e :  1, 2-, 3,  4 
Refe r  t o  t h e  Change i n  E x c e s s  Tempera- 
t u r e ;  5 ,  6 ,  7 ,  8 R e f e r  t o  t h e  Change 
i n  V e l o c i t y .  1 and 5 - W = 1 5  k w t ,  Gb 
= 0 ,  2 and 6 - W = 1 5 ,  Gb = 2.9*10'3 
k g / s e c ' l ;  3 and 7 - W = 10, Gb = 0,  4 
and  8 - Wl= 10, Gb = 2 . 9 0 1 0 ' ~  k g / s e c - l .  

F i g u r e  9 shows t h e  change  i n  t h e  
a x i a l  v e l o c i t y  and  t e m p e r a t u r e  on t h e  
c r o s s  s e c t i o n  o f  t h e  n o z z l e  (for s i n g l e -  
p h a s e  and d o u b l e - p h a s e  f l o w s )  as a f u n c -  
t i o n  o f  t h e  a r g o n  f l o w  r a t e .  A s  w e  c a n  
n o t i c e  ( F i g .  9 )  t h e  v e l o c i t y  o f  b o t h  
s i n g l e - p h a s e  and d o u b l e - p h a s e  s t r e a m s '  
i n c r e a s e s  as  t h e  g a s  f l o w  r a t e  i n -  
c reases .  However,  t h e  a x i a l  v e l o c i t y  
i n  a h e t e r o g e n e o u s  s t ream i n c r e a s e s  
somewhat more i n t e n s e l y  t h a n  i n  a homo- 
geneous  s t ream, which  i s  r e l a t e d  t o  t h e  

d e c r e a s e  i n  t h e  d e g r e e  t o  which  it i s  d o u b l e - p h a s e  of a h e t e r o g e n e o u s  
s t ream ( i n  v iew o f  t h e  f a c t  t h a t  Gb = c o n s t ) .  The excess a x i a l  t e m -  
p e r a t u r e  ( F i g .  91, on t h e  o t h , e r  h a n d ,  d e c r e a s e s  a s  t h e  f l o w  r a t e  w i t h  
a g i v e n  power i n c r e a s e s .  The t e m p e r a t u r e  d r o p  i n  a d o u b l e - p h a s e  
stream is l e s s  i n t e n s i v e  t h a n  i n  a s i n g l e - p h a s e ,  which  i s  e x p l a i n e d  
by- t h e  d e c r e a s e  i n  t h e  d e g r e e  t o  which . t h e  stream i s  d o u b l e - p h a s e  
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w i t h  a n  i n c r e a s e  i n  t h e  f l o w  r a t e  o f  t h e  w o r k i n g  medium. 

?. 
fnerous v a l u a b l e  d i s c u s s i o n s  o f  t h e  r e s u l t s  o f  my work .  

I n  c o n c l u s i o n  t h e  a u t h o r s  w i s h  t o  t h a n k  L . S .  P o l a k  f o r  h i s  nu -  

1. 

2. 

3 .  

4 ,  

5 .  

6.  

7. 

8 .  

9 ,  
1 0  * 
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1 2 .  

1 3 .  

1 4 .  
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